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DESCRI PTI ON LI QUI D CRYSTAL DI SPLAY DEVI CE AND APPARATUS | NCLUDI NG
SUCH The invention relates to a liquid crystal display device
conprising a layer of liquid crystal nedium 1sets of el ectrodes di sposed

on opposing sides of the layer to which energising voltages are applied,
the liquid _crystal nedium being switchable between at least a first state
in which vPESSGRIATION incident froma front side of the layer is
back-scattered and a second state in which said incident light is
transmtted through the liquid crystal nediumto the rear side, and a

1.9t absor befQUIDIGRYSTAL DISPLAPBEVIGEE AND HIPARATS MOCUPINESSLED

| ayer for absorbi-ng the visible incident trans
The invention relates also to appar atus i ncI uding t'he display device.
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An example qf such a display device, and in particular a so-called paper white
display device, is described in PCT WO 94/04958. The liquid crystal medium in this
dlsplay device consists of a polymer dispersed hqurd crystal (PDLC) film comprising
a llqwd crystal mixture formmg microdroplets in an optically rsotroplc transparent,
polymer matrix. In the PDLC film, one refractlve index of the liquid crystal mrxture is
chosen to be around the same as that of the cured polymeric matrix containing the
liquid crystal mlcrodroplets and differs from that of the cured pure polymer in the
unenergised, off, state in whlch no voltage is applied to the electrodes on opposmg
sides of this film, the llquld crystal molecules in the microdroplets adopt a distorted
ahgnment and visible light incident thereon is back-scattered at the phase boundary

~ between the polymeric and’ Ilqwd crystal phases In effect, therefore incident light
is reﬂected back in the general dlrectlon of the incident Irght so that to a viewer on
that sude the film takes on a whrte appearance under ambient lighting. When an
energising, on, voltage i is applied to the electrodes, the liquid crystal molecules in the
microdroplets are aligned parallel 'to the field and perpendicular to t'he E vector of the



m.crodroplets are aligned parallel to the field and perpendicular to the E
vector of the WO 96/ 18930 :
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the filmbeconmes an optically isotropic nmediumfor |ight incident generally
perpendicularly of the fil'm The liquid crystal mediumthus becones
transparent and incident light is transnitte@ through the filmand is then
absorbed by a black, Iight absorbing, back plane at the other, rear, side
of the film To the viewer the display device appears dark. In this way,
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A display device of this kind can be produced convenlently as a Iarge area
display device. It has been proposed that Iarge area PDLC display devices,
sometimes also referred to as mlcroencapsulated NCAP dlsplay devices, can be used
as outdoor dlsplay boards For smaller display size applications such as computer |
displays, the dlsplay devrce can compnse a matrix array of mduvrdually operable "/
'drsplay elements. The array can be of an actlve matnx addressed type in which each
display element ls driven via an assoclated switch devnce or of the simple passlve

 matrix type. '

- Another black on white dlsplay devnce usmg a polymer dlspersed type LC
medium together with a black back plane i is described in the paper entitied "Polymer— \
Stabilised Cholesteric Texture Materlals for Black-on-White Dlsplays" by J. L. West
et al published in SID 94 Digest at pages 608 to 610. In this display device, the
display elements are slmllarly swntchable between hlghly reflective and transparent
states. The PSCT liquid crystal material offers bistability and the display elements '



et al published in SID 94 Digest at pages 608 to 610. In this display
devi ce, tWOB6/HIBEBY el enents are simlarly sw tchabl e bet wepcT/IB%R0976
reflective and transparent states. The PSCT |liquid crystal naterial offers

bistability and the display el enments WO 96/ 18930
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swi tched between the two, stable, states by the application of voltage

pul ses. It is an object of the present invention to provide an
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Lo ashes e ! . o A g En
Chapact er 1 sed o AEDIEELEE e Breddit intertddf PERRNL BRI iBHSGeH Sk endtaty, o
for pr odudisplgy slevinet which\s capaisieiof offesing reatep fiiritionafifydh %q'u'i;ﬂﬂ}%rét in.which

t ransm tt.{ad the[et o through the liquid crystal medium spl ay
device i ¢ E"a%@ﬁcﬁfegf produci ng, for exanple, a paper white display whil st

|.so having t t ' required i ha. .
3P o ¢ oSSR gl of PGk b o o g <
st ruct ur esrystal miisplay devides of lthegkindedescriidte inlthe dputiag Qarabrafts WHENY

light transmtted throt he di spl.ay ‘medi um for display purposes and al so
utilisi ndBRRCEHSS b‘@dﬂ?qqghle i"ﬂh? rﬂbﬁ?ﬁbﬁre:comprﬁegoaaph@évpltam strigeture for

conver si fb?_o&ﬂ&iﬁg ehf Cédtbﬁﬁlvoggﬁ‘srin oﬁkﬁ Cly itr?é”"viﬁﬂﬁ ﬁg@iﬁ%ﬁ@ﬁq&%hérﬁo

phot ovol t'ai ¢ stTucture’ can be“used advantageousl'y,
suppl enethioughathedtioprid erystalymediunt.he drive circuit of the display device.

per sonal i gi (11 ASBRYIHIcS 3qapable. SERiOOBRGnfoT Sxa0IRler & PRRET Whito dispiay
et oea SPMBE e g RS lugh Bl et WSy 694 g ACH ey
i nvent i odevidecipepvides additienalsfumctionality. eThe! photavoltain strugture Yeirkdighte 2
portable conmputer or the like, conprising a display device according to the
first as 5@59%?91 $RIVES B;%qpaﬁ fwmn,xgﬁagwbmg light transmitted through the display
"medium for display purposes and also utilising thé absorbed light in the manner of
a solar cell through conversion into eléc_:trical power. The electrical power geherated
by the photovoltaic structure can be used advantageously, for example, in
‘supplementing a power supply fof the drive circuit of the diSplay device. When used
"in, for example, portable equipment such as .notebook computérs or personal digital
‘assistants, the present invention offers further impi'ovement as regards power saving
features, in addition to those mentioned previously. | | |

According to a second aspect of the present invé_ntion, therefore, there is
provided electronic apparatus, for example a portable computer or the like,
comprising a display device according to the first aspect of the present invention and
_:elect_rical power storage m'ean's for powering compbnénts of the apparatus to which
the output of the p'hotdv'oltaic structure is supplied. The power storage means may
_t_:e that used to power the drive circuit of the display device and/or other electrical
power consuming compohents of the apparatus. In a portabie é:omputer, for example,
the _pbw_er storage means may also be used to power such componenf_s as a disc



el ectrical power storage neans for powering conmponents of the apparatus to
whi ch the output of the photovoltaic structure is supplied. The power

st or age newgsoamsysobe that used to power the drive circuit ofPQIIBISISRS ay
devi ce and/or other electrical power consum ng conponents of the apparatus.
In a portable conputer, for exanple, the power storage neans nmay al so be
used to power such conponents as a disc 4 \WO 96/ 18930 :
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. There is togetheirt portableT apparatus 666h aasppotlat caltulatars aand theviikeh in theser

i cell is arranged behind an LC di s;i)l ay ﬁhat roduces a--gl-s |'ay output in a
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| R, whi chttiopresent inveation epablesisimilacpavengenerating capabilitiesewhile at thacsame
time providing a considérably' more co}npact arr_anQement by eliminating the need to
pro_v'ide in the appai'atus. design sepafate _areas for the _diéplayénd solar_' cell
components. Thefe is de_scribed in PCT WO094/1 0.668”a pocket calculator in which
a solar cell is arranged behind an LC display that produces a display output in a
reflective mode of operation. The usual reflective iayer at the rear of the display is
replaced by a filter/reflector layer which reflects visible light for display purposes and
transmits non-visible .radia‘t'ion, for example IR, which does hot play a part in the
display output to the solar cell. | ' | R
For simple display ' p'u'rpose's, such as dedicated datagraphic signs or
' indicators, the display: device may be arranged in knowri manner to display a range
of predetermined charéctéf's,__ symbols, or the like by suitably shaping the driving
electrodes to prdvide the specific display information. For greater _ﬂéﬁ(ibi_li'ty, howéver,
as would bé_ reduif_ed for a computer sc_reeh for exa'mplle, the 'display ‘device
comprises a matrix array of display elements, typically in rows and columns as in
known matrix LC dis_pléy panels, driven via sets of drossing ifbw and column address
conductdrs. Such a'device niay be either passively'addressed or, by prbviding a



For sinple display purposes, such as dedi cated datagraphic signs or

I ndi catorévo%ﬁl;{igjy spl ay device may be arranged in known nanpermses/omrspl ay a
range of predeterm ned characters, synbols, or the |like by suitably shaping
the driving electrodes to provide the specific displtay information. For
greater flexibility, however, as would be reguired for a conputer screen
for exanple, the display device conprises a matrix array of display

el ements, typically in rows and colums as in known matrix LC display
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light  contrasting display effect, perhaps slightly coloured, can be obtained. The

photovoltaic structure could incorporate means known in the art to enhance light
absorption and reduce reflection.

The liquid crystal medium is preferably a PDLC medium although other kinds
of liquid crystal medium which can be switched between a state in which incident light
is back scattered or reflected and a state in which incident light is transmitted

L/ therethrough could be used. | |
| The apparatus may include control means which is arranged to set at least a
substantial part of the display area of the display device to the second, transmissive,
state at _seiected times determined by the control means, for example in response to
certain operational conditions. In the case, for example, of a portable computer the
control means may monitor activity in the manner of a screen saver and set the
display elements to their second state during periods of inactivity.

Embodiments of display deviées, and electronic apparatus incorporating such
devices, in accordance with the present invention will now be described, by way of



i s back scattered or reflected and a state in which incident light is
transmtted therethrough could be used. The apparatus may include
control ned¥B%/#3h is arranged to set at |east a substanti abcrmssnedrst he
display area of the display device to the second, transnissive, state at
selected times determ ned by the control neans, for exanple.in response to
certain operational conditions. In the casg,IGOr.exaane, of a portable
conmputer the control nmeans nay nonitor activity in the nmanner of a screen
. saver and set the display elenments to their second state during periods of
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defining a coordinate systemof rows and colums of pixels suitable for o
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having a matrix array of display elements defining a coordinate system of rows and
columns of pixels suitable for use as a display screen for displaying datagraphic
information in, for example, a portable computer system or 'personal digital assistant
(PDA). ' '

Referring to Figure 1, the display device 10 comprises first and second spaced
transparent substrates 12 and 14 of glass or plastics material which carry on their
opposing inner surfaces réspectively sets of row and column conductors 16 and 18
of transparent cdn’ductive material such as ITO which define at their intersections a
row and column array of individual display elements 17. The gap between the
substrates 12 and 14 is filled with a PDLC film 20 comprising a liquid crystal mixture |
forming microdroplets dispersed in an optically isotropic, trans_parént polymer matrix.
Examples of .suitable PDLC films, and their preparation and operation, are described

" in PCT WO 94/04958 to which reference is invited and whose disclosure in this
respect is incorporated herein by reference. With appropriate selection of LC and
polymer materials, their refractive indices, and parameters such as droplet size and

| film thickness as described in the aforementioned specification, the PDLC film can

- be used in a display device to broduce a so-called paper white display output.

The operation of the PDLC film 20 in this respect will be described ‘briefly.



(PDA) . Referring to Figure 1, the display device 10 conprises first
and secon\_(}},]é fg9gp L ransparent substrates 12 and 14 of gl asspetrmpdsapdieCs

mat eri al Ich carry on their opposing inner surfaces respectively sets of
row and colum conductors 16-and 18 of transparent 'conductive material such
as | TO which define at their intersections agrow and colum array of

I ndi vi dual display elenments 17. The gap betwgen the substrates 12 and 14 is
filled with a PDLC film 20 conprising a liquid crystal mxture form ng
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electric field. The film then effectively becomes transparent and ambient visible light,
A, incident generally normally of the film and generally parallel to the aligned LC
molecules, is transmitted through the film, as indicated by the arrow C. This
transmitted light passes through the transparent electrode 18 and the substrate 14
" and is incident on a black, Iight absorbing, back plane 25 at the rear side of the film
— where it is absorbed. To a viewer at the light incident, front, side of the device, the
display then appears black.

By selective control of the display elements of the array, black, or dark,
characters on a white, or light, background can be displayed simulating, for example,'
the visual effect of a printed page with black ink on white paper.

in accordance with the present invention, the light absorbing layer 25
comprises a photovoltaic structure. This structure serves the dual function of
absorbing incident visible light transmitted to the rear side of the film 20 and
‘generating electrical power by photoelectric conversion of the received light.

In the embodiment of Figure 1, the photovoltaic structure comprises an



In the energi.sed state in which a drive voltage, as denoted at Vd in Figure
1, is applied to selected el ectrodes 16 and 18 across the PDLC film the LC
nol ecul es WO 26/i18930cgi on bet ween the el ectrode 16 and t he el RCWIBISOWI6
beconme aligned with the electric field. The filmthen effectively becones
transparent and anbient visible light, A i ncé dent generally normally of
the filmand generally parallel to the aligned LC nolecules, is transmtted
through the film as indicated by the arrow C. This transmtted |ight
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conprises a photovoltaic structure. This Structure serves the dual function
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be dependdigtaride, t typitallyhtiessothahi 100ph, | froandite argars surfacevof i thiee substratem
of the photovoltaic structure enployed. In some cases, this may not always
be as gred# By an air gap so as to be ‘optically decoupled from the substrate 14, as
‘discussed in PCT WO 94/04958. The photovoltaic structure 25 can be assembled
in spaced: relationship with the film 20 using a variety of different techniques as
described in the aforementioned speciﬁéation. The.effectiveness_of the structure 25
in absorbing incident visibie light can be enhand_ed by for example applying an anti-
reflection coating over its input surface to reduce the bossibi_lity of some of the u
incident light being reflected back towards the viewer, or by any other techniques
known in.the art of solar cells, for example, providing an embossed or roughened
- surface layer at the input side of the structure, to maximise the light absorption
characteristics and increase the "blackness" perceived by a viewer if necessary.
The structure 25 could instead be secured to the substrate 14 by an adhesive
having a low refractive index of the approbriate thickness, in which case the support
36 could be dispensed. with.. The structure 25 could perhaps even be provided

directly on the surface of the substrate 14 aithough this would:likely result in inferior



that achieved with a conventional black absorber. Wilst an adequately dark

and cont r aybisggssdo spl ay effect shoul d be obtainable, it naypeqaBodiabid ¥
col our ed. The photovoltaic structure 25 is fabricated on an

i nsul ating support 36 using conventional thin filmdeposition and
processi ng techniques and is spaced a snall gistante, typically less than
100[err]m fromthe rear surface of the substrate 14 by an air gap so as to
be optically decoupled fromthe substrate 14, as discussed in PCT WO

94/ 04958. . | taic structure 25 can be assenbl ed in spaced

rel ati onsﬂ%—gﬁ%%q?ﬁ%@% m 20 using a variety of different techniques as
descri bed in tWgricvis ot cuiich Chdd ki Te fectiyene of the
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Foar ds. (GBS, Suttabs B 4TS land o ibgfales. Aduand 14 Biminated: *iroitee

s, f Embodimurt. ilusteteding i th
DUt Si o o g S G o6 g 4B e enallited dire il dn the | "
char act erSutacesfahe filmc2Q whilst the subsixate d2<s retained e grdvide sirienal fididity

necessar . Th ucture 25 could instead be secured to the substrate
14 by anxg(}neeg's\f)elg%g\??fﬁ "a lowrefractive index of the appropriate

thi ckness, in Infthehermbodinidits ofstht Fighrexy! %ﬁ?&ﬁré F}ﬂ;@@ﬂgtﬁsl% :%Frgggﬁg 28

structure 25 could perhaps even be provi ded
subst r at €xienas a3 lgM9earea rhatediode istugture sontinuousiyfand completely, \éer the
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o di splisPlay.area of the display devics, as datemined by the: areaiefshe rawanshealupne
B airayrof the disptayoglerridnts 17 N The! &Fi?éﬁ. | es
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photovol taic .structure 25 extends as a large are cture
cont i nuolAt§rialsRs walhrs: sesulling dn less: electrical power generated because of the

smaller light collection area of the photovoltaic structure. The structure 25 acts as

_a large area solar cell providing an'output voltagé, as denoted by Va in Figure 1 in |

response to ambient visible'light transmitted through the substrate 12, thé film 20 and

the substrate 14 falling thereon.

N As previously described, a PDLC'display device is 'pérticmarly advanfageous
in portable eqUipment such as a notebook computer or a PDA since it does not
require a backlight, uniike commohly _Used twisted nematic LC display devices
ope_rating- in transmissive mode for_example. Consequently, the aemands on the

' - power supply in such equipment, typically a réchargeable battery pack, are
signiﬁcant_ly less so that, extended operating timeé are obtained. The invention
further enhances this advantage in that' the electrical_powef geherated by the
photovoltaic structuré 25in 6pération can be ut_iliséd to supplement the poWer supply
in such equipment.

Figure 3 illustrates' in s_ir:nple' diagrammatic block form a portablé computer as



di splay area of the display devi ce, as determ ned by the area of the row

and colum array of the display elenments 17. The photovoltaic structure 25
coul d per hwus96289300y only a portion of the display area w t FPCTEBISBMI6 ni ng

portion being backed by a conventi.onal |ight absorber but, such an

arrangenment coul d produce a non-uniform bl ackness over the display area due

to the different natures of the |ight absorbiE@ materials as well as
ec

resul ting

in less electrical power generated ause of the smaller |ight

coll ection area of the photovoltaic structure. The structure 25 acts as a

oo 1 o0 PR e SHEFONE ppariiha Usnifing pe oo aRe: 7 sibicelhrrhote

Figure 1 i
substrate

cotnplitep édrhﬁneés ajd atifition Uies thé@ tdisgldy f @évice1910,har €PU 40, with Asn

previ ously descr| bed, PDLC di sgl ay device is particul ar | y- advant ageous in

portabl e eqputmtput mtenfacaecwpmtcﬁ

ba slisplayigrive eirenit 41 ;RAM faemory 4302 haid

01 RSN o b R SR 4 38, B4 5B 571 S ey

demands ofrdrica BfBIRS s&ppm wllithesa companentseare, poweiedbby u power saplg alnite45

battery pack, are. signi

obt ai ned.
el ectri cal
can be uti

whichi incerparatess ariesbargaable batteryipackdy 1heayltage grperated by the

ST BEBhEE 2Bt S lap Ualice! ey e Gipkiied 5 he 1RRS ALl

icantly less so that, -extended operating ti rres are

ZISQUF e 3\/\3%!;/@% Foreusenirpi rémrﬁrginggtmbdtﬂecy hamkk of calternathesty abdlpplledmtaer N
PCT/ | B95/ cswpdementary power storage unit 46 which prowdes back-up electnqaj po\ggr to

XA olcoHiF A B S Sl B8 RIS RbRgiov oo, A Lypical

40, with an i npliﬁé aicumt of Itglﬁrréachmg ithe photo%ltalc sttummre)zaisldependentmn thied |

a RAM nenory a hard dISC dri.ve 43 and g
a keyboar mmnbewtealsawie lemsnts I"'bﬁ:'

ve .44 as wel |

(>

& array WAich SER N their TERBmSaIEISBREPRIENL o

power ed by eoamm@neragngmoﬁnﬁemmétﬂmﬁﬂéorlﬁtﬁnﬂ opBRRIGHSIEquipHehe” Y

pack. The

ol't'age g
such as computer or PDA systems usmg the dlsplay device the number of black or

dark display elements varies accordmg to the partlcular information, e.g. characters,
being dlsplayed A useful output from the photovoltaic structure may be obtained in
many sltuatlons However, to Improve the power generatlng performance it can be
arranged that in periods when the system is inactive, that |s not being used the
display eIements of the array, or at Ieast a substantlal proportlon are driven to their
transparent state so as to permit more Ilght to reach the photovoltalc structure and
thus maximise the electncal-power output in these perlods The operation of the

- display device in this manner can be controlled by software which is stored in the

system RAM and i is responslve to a lack of any mput by a user, for example via the

| keyboard or mouse in a computer system over a specified period of time or by any

other means whlch for example monitors the ‘apparatus for certain operattonal

* conditions such as periods of |nact|V|ty to set the dlsplay device to a "black" display

output state rather like the ,way in which screen-saver software in computer systems
work. Alternatively, and bearing in mind that typically when displaying for example
black text on a white background the number of btack or dark display elements is



photovol taic structure 25 of the display device may be supplied to the

power suppwp 961893045 for use in re-charging the battery pacli,c?,mg 100976

alternatively supplied to a suppl enentary power storage unit 46 _V\?'II c%

provi des back-up electrical power to certain critical conponents only such

as the RAM nenory. The amount of |ight qqeaching the photovoltaic

structure 25 is dependent on the nunber of display elements in the array

which are in their transm ssi-ve/transparent state:allowi ng anbient light to

reach t hesrmall wtnpared! With thEBurABEF 8F WhiteObisHRY ugh. as; gamputer or
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bearing §€mi nd that typically when displaying for exanple black text on a

whi t e backgro l.ac r, dark disp|ay, elenents is WO
o6/ 15990 gr ot 4idpldy dBNte thay b3 Musdl Aeote ks equipment, for example,

PCT/ | B95irfosmation signs,and in this case a simple control uni Lot gl |
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of inact p¥rddular pparatus, e.g. the lack of any input over a
specified pe% odmé%%,g?re, the display drive circuit switches the display

e i Al o St S € e ot e e
Yy is described it will be appreciated
that active matrix addressed arrays can also be used in which each display element
is driven via a respective switching element, for exampie a TFT or thin film diode in
known manner. |
The display device need not comprise a row and column array of display
‘elements but could instead comprise other electrode configurations defining different
display element shapes, for example in the form of predetermined characters or
symbols, seven-segment alpha-numeric character configurations and the like in the
case of display devices for dedicated display purposes such as signs and indicators.
Although in the above described embodiments reference is made to paper
white displays in particular, it will be appreciated that a colour rather than white output
can be obtained instead of incorporating dye material in the PDLC film. Also, the

display elements may be switchable to states in_termediaté to the two states



the displayed information is still available to the user. O
course, if an LC rredl umis used which is of a kind that exhibits

bi stabilit c%} P%to one which remains in a transm ssive Gcgbdeeid Ve
state to ° BP0 5 drlven by an applied voltage wi thout the need to
apply ther eafter mai nt ai ni ng voltages, the display elenment could sinply be
left in their transm ssive state during periods of non- use. The

di spl ay device may be used in other kinds of Bjui pnment, for exanple,
information signs,and in this case a sinple control unit may be arranged to
set the display elenment array to a "black" or inverse display output for

pr edet er mppestidiid Srovitle 4 goey atalerdutpidal Moreover anmummamé—aesmme
descri bed enbodi nent's of disp Ia%o devices,_a sinp passi vel y addressed
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case of dlsplay devi ces for dedlcated di spl ay purposes such as signs and
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[ of the invention involve PDLC materials, it is envisage _
'?Hgoidln\r/rgm;mwmobe used with other kinds of liquid cryst fill,r#,ﬁgW%M| ch
are switchabl e between a state in whi ch incident anmbient |i gwh' [ ﬁ i.nci dent
back-scattered or reflected towards a viewer and a state in |g ol den
ambient light is trWsorbed@y, a light absorber a
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' ¥ : oduce a display effect. From
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persons sKUAIMS in the art. Such fodffications may invol ve other features
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2. A liquid crystal display device according to Claim 1, characterised in that
the photovoltaic structure comprises a photodiode structure.

3. A liquid crystal display device according to Claim 1 or Claim 2,
characterised in that the liquid crystal medium comprises PDLC material.

4, A liquid crystal display device according to any one of Claims 1 to 3,
" characterised in that the photovoltaic structure extends as a continuous structure over
an area corresponding to the display area of the display device.

5. Electronic apparatus including a liquid crystal display device according
to any one of Claims 1 to 4 and electrical power storage means for powering

components of the apparatus and to which the electrical output of the photovoltaic
structure is supplied. '

6. Electronic apparatus according to Claim 5, characterised in that the
- apparatus includes control means arranged to switch at least a substantial part of the



3. A liquid crystal display device according to Claim 1 or Caim2,
characterised in that the liquid crystal medi umconprises PDLC material .

4. A |'i Gyb9deagaset al di spl ay device according to any one oPCUIBIYIT to 3,
characterised in that the photovoltaic structure extends as a conti nuous
structure over an area corresponding to the display area of the display
devi ce. 5. El ectroni ¢ apparatus |ncl udi 3 d crysta

di spl ay device according to any one of d ai m 21 to(npéﬁﬂfggg%trlcal power
storage neans for powering conponents of the apparat us and to whi ch the

el ectrical output of the photovoltaic structure'is suppli

El ect roni @:sa\ayaaraalﬁf the display glevicediossaid second rsfatecat §'§éﬁ§ ﬁeﬁ'ﬂnqdn@y the
appar at us_| ontrol means arranged to switch at |east a substantia
Dart of tFRNto €8N 06, 5080

PCT/ 1 B95/.00976 - 14. display area

of the display device to ‘sai d second state at ti mes det er m ned by the
control neans.



